SUMMARY
In 1991, the Division of Health Care Services of the Institute of Medicine (Washington DC, U.S.A.) recommended the use of electronic patient records as an essential technology to solve the problems of documenting the increasing amounts of data present in the vast area of patient care 1 . A number of developments have been made concerning computerized patient data management systems (PDMS), making them of interest to medical and nursing staff who wish to optimize patient care 2 . One of these developments is the automatic calculation of prognostic scoring systems. Due to increased demands for quality assessment, quantification of patient treatment and cost-benefit analysis 3 , the use of outcome scores has become more and more necessary as a base for comparing severity of disease in intensive care patients. In 1987, Shabot and co-workers demonstrated the usefulness of automatic data extraction from a computerized intensive care unit (ICU) flowsheet in order to calculate an intensity intervention score 4 . More recent PDMS offer various kinds of "automatic score calculation" 5 . However, in all these automatic calculation systems, part of the data or all of its values still must be entered manually using a special interface.
The focus of this investigation was to establish a completely computerized calculation of the SAPS II based only on routine data recorded with a PDMS without any additional manual data entry. Furthermore, we assessed the performance of this computerized SAPS II and discuss the problems arising with the automatic data extraction.
MATERIAL AND METHODS
SAPS II 6 is used as a predictive scoring system for severity of illness and outcome in Europe and North America, taking the worst values among physiological variables recorded within the first 24-hour period in the ICU. The worst value is defined as the value that would have been assigned the greatest number of SAPS points in the SAPS score. As the score was developed and validated based on a European/North American multi-centre study, this classification takes European conditions more into account than other scores, e.g. the APACHE system, developed entirely in the United States 7 . For this study, data from all patients admitted to the surgical ICU at the University Hospital of Giessen in Germany between April 1, 1999 and March 31, 2000 were retrospectively evaluated. Data from patients under the age of 18 years and patients who stayed in hospital for less than 24 hours were excluded. This was due to our ICU also being used for intermediate care patients who leave the ward the morning following surgery. In the case of patient readmission, only data from the patient's last stay were included in the study.
Computerized score calculation
The PDMS (ICUData, IMESO GmbH, Hütten-berg, Germany) 8 is based on a standard relational database management system (RDBMS), Oracle™ (Oracle 7, Oracle Corporation, U.S.A.) for permanent data storage. The design of the database parts varies from a stringent relational design in the administrative sections (system administration, patient administration) to an entity attribute value (EAV) model for storing medical data items 9 . The scripts for automatic extraction of relevant data from the database and computerized score calculation were written in SQL (Structured Query Language). A control script is started from a batch file to automatically execute these scripts. Usually, the maximum and minimum value for every parameter was assessed within the first 24 hours after admission. Because the required values are part of the clinical routine data pool, it could not be assumed that the database contained all parameters for each patient. According to the authors of the SAPS II 6 , missing parameters were classified as not pathological, assuming that these would have otherwise been assessed by the doctor in charge.
• 10 into the PDMS. Patients were classified as "medical" when no data on surgical procedures were found or when they were transferred from a medical ward.
• Glasgow Coma Scale (GCS) and surrogates:
Although GCS data input into the PDMS is possible, assessment of the neurological status using GCS within the first 24 hours after admission remains a problem because most patients are ventilated and sedated during admission at surgical ICUs. Therefore, we tested three different types of GCS surrogates: 1. SAPS II m1 (modification 1): Neurological diagnoses during patient admission were take into account. Seven points were assigned when a neurological disease was present and deemed to be related to a pathological cerebral condition. 2. SAPS II m2: SQL queries were used for evaluating physicians' recorded clinical findings. Three different measures were assigned to the most commonly used terms, according to SAPS II classification:
• Zero points were assigned to a neurological finding when the following types of expressions were detected, e.g. awake, responsive, oriented, neurology without pathological results, cooperative, recovery phase, etc.
• Five points were assigned to detected terms reflecting at least a partly reduced neurological finding: confused, not responsive, stupor, disoriented, etc.
• A total of 13 points were added to the SAPS II when detecting terms describing obvious comatose conditions, assuming that a maximum of 8 GCS points could be reached: no response to pain, comatose, no reflexes, etc.
SAPS II m3:
A combined version of points 1 and 2: the highest number of points for diagnoses and findings was added to the score. STATISTICS Significant differences in score results between survivors and non-survivors were checked using the nonparametric Mann-Whitney-U test (P<0.01). At the time the study was performed, hospital mortality data were not reliably available from the PDMS. Therefore, the survival status at ICU discharge was used as the main outcome measure. Because the SAPS II can be influenced by the case mix as well as other factors 11, 12 , customizing the scoring system has proven to be useful in avoiding incorrect calibration 13 . Adequate customization is achieved by deriving a new logistic regression equation. This has been successfully demonstrated in patient populations differing from the original database 12, 14 . Therefore, logistic regression was used in this study to derive a new equation for mortality prediction using outcome in the ICU as the dependent variable and the different SAPS II versions (SAPS II, SAPS m1-m3) as the independent variable. The prognostic performance of the logistic regression function was tested by crossvalidation using the "leaving one out" (LOO) technique 15 . The Hosmer-Lemeshow goodness-of-fit H and C statistical method 16 was used to evaluate the calibration of the customized models, which was considered satisfactory when the P value was greater than 0.05. The discriminative power for ICU mortality was tested with an ROC (Receiver Operating Characteristic) curve 17 . Statistical analysis was performed using the Statistical Package for the Social Sciences, SPSS™ (SPSS GmbH Software, München, Germany).
RESULTS
A computerized score calculation was possible for 1,616 patients. After reviewing all exclusion criteria, 524 patients remained for this study. The following patients were excluded: 140 re-admitted patients (8.7%), 38 patients under 18 years of age (2.3%) and 914 patients with a stay of less then 24 hours (56.6%). One hundred and eighty-four patients were female (35.1%) and 340 male (64.9%). Mean patient age was 56.9 years (range 18-94 years). Five hundred and nine patients (97.1%) were surgical (228 elective (43.5%), 281 emergencies (53.6%), and 15 were medical patients (2.7%). A total of 65 patients died in ICU. The rate of mortality was 12.4%.
An overview in Table 1 shows the number of missing parameters for score calculation for 524 patients. Table 2 shows the frequency of missing values of each physiological score parameter.
In 19 patients (3.6%), 21 neurological diagnoses as surrogates for the GCS were used for SAPS II scoring (Table 3) . Neurological examination findings were observed in a total of 342 patients (Table 4) . Hereby, 27 patients had findings describing a pathological status (5.2%). Hence in total, SAPS II points were allocated in 46 patients (8.8%) due to a pathological neurological status. Table 5 . The use of surrogates for the GCS increased neither the discriminative power nor the goodness-offit statistics.
DISCUSSION
This study analysed the predictive accuracy of a completely computerized SAPS II, calculated by a PDMS using only routine data, in a group of patients admitted to our surgical ICU. There was a good accuracy of mortality prediction with a computerized SAPS II, shown by the Hosmer-Lemeshow goodnessof-fit statistics. SAPS II calibration in the present study (AUC=0.81) may be compared with results from other studies, although we used the survival status at ICU discharge instead of hospital mortality. The use of the mortality at ICU discharge is a limitation of the study. However, with the PDMS and the computerized technique used in our study it was not possible to include data of the general wards and therefore hospital mortality. Other authors have found an AUC ranging from 0.81 to 0.89 depending on different settings 12, 18, 19 . In a prospective multicentre study undertaken to compare the performance of the SAPS II and the APACHE II in an independent database, Moreno et al 20 observed a discriminative power of the SAPS II with an AUC of 0.82. However, they found only poor calibration in both models. The authors mentioned that the results do not allow the use of APACHE II and SAPS II without being customized to analyse the quality of care or performance among ICUs. However, if doing this procedure factors have to be considered affecting customization such as sample size 21 . However, sample size extremes that could invalidate the goodness-of-fit test are not known and have to be delineated.
It was not possible to calculate all of the required parameters for all patients. The assessment of purely medical parameters was difficult, especially those which must be entered manually as free text by the medical personnel. However a complete sampling and scoring of all physiological parameters collected online by medical equipment presented no problems. Collection and interpretation of data originating from before hospital admission can only be partially ascertained using computerized technology.
An assessment of the patient's neurological state according to the Glasgow Coma Scale remains a problem. Even though the GCS shows a high correlation between score result and patient prognosis for most diseases involving the central nervous system, its use is limited in intensive care medicine. Eye reaction, motor and verbal response are difficult to ascertain during ventilation and sedation. The correct assessment of a sedated patient's neurological state with the GCS is not always possible and largely depends on the individual judgement of the physician. Furthermore, the input of the GCS into the PDMS was not mandatory and very rarely used. The authors of the SAPS II recommend a "best guess" as surrogate of the GCS 6 . The physician ordering sedation should estimate the GCS or deduct its values from data taken prior to sedation of the patient. For these reasons, GCS data are not routinely recorded in non-neurosurgical intensive care units.
However, the neurological condition of a patient assessed with the GCS is important in predicting the ultimate outcome of ICU patients. This is reflected in the SAPS II by assigning the highest weight to all variables to severe brain damage. Some authors suggest using categorical variables such as coma, stupor or degree of alertness together with pathological neurological diagnoses 22 . Accepting these suggestions, we looked for corresponding surrogates for an automated evaluation of GCS using only routine medical data. In using only these surrogates, a tendency towards better results could be observed. However, only 8.8% of all results contained a pathological finding. The vast majority of normal neurological conditions described a surgical ICU population with low frequency of brain injuries.
Certain parameters are only determined in cases where a pathological result is suspected or where the result may have therapeutic consequences. The nonexistence of a physiological parameter reflects the clinical judgement of the physician. This information is used for the present method of score calculation. However, this method of data interpretation may result in lower scores. The ensuing error is likely to be small since most of these values are standard parameters that belong to the routine repertoire of intensive care investigations.
An increased sampling rate of data, made possible with automated data collection, results in higher scores and a higher risk of predicted hospital mortality 23 . This is due to rapidly changing and continuously measured variables such as haemodynamics, oxygenation, white blood cells and electrolytes. The possibility of registering extreme values in the maximum and minimum range is increased with repeated measurements within short intervals 23 . The authors of the original SAPS II publication specified neither the measuring interval nor the method of data collection 6 . Bosman et al 24 concluded that mortality prediction models must be revalidated in order to use computerized charting.
There is also no agreement as to how long the derangement of a physiological variable must persist to be considered pathological. A PDMS can record continuously measured patient data. Documented single extreme changes in blood pressure can be caused by patient movement, line flushing or a short interruption in pressure conduction and are not pathological. Therefore, artefact detection is a crucial part of computerized data sampling. In our study, the plausibility of the online recorded data was visually checked by the medical staff of the ICU. Furthermore, special SQL scripts identified common artefacts occurring during automatic data collection, thus avoiding contaminated score levels. Script results are contained in a number of tables with all processed data sets in a standard format for subsequent calculation of the score. Therefore, frequent artefact patterns were detected and then excluded by comparing connected and dependent clinical data such as haemodynamics and heart rate, whereas nonplausible values were excluded. Another method of avoiding artefacts is to exclude suspect data by median filtering 25 . However, non-artificial relevant events are also eliminated using this method. Inspecting trend lines and gathering extreme values from these is a further method in gaining clinically important data 23, 24 . An advantage of computerized scoring is that there are fewer opportunities for inter-observer and intraobserver variability. Existing score systems require well-trained personnel who are acquainted with the patient's chart when calculating scores manually. Keene and Cullen, authors of the 1983 TISS update 26 , suggest that "data collectors should have a critical care background". An increased number of mistakes in manual recording of physiological values was shown in the study by Hammond et al 27 from 1991, who found an almost 20% rate of erroneous entries. One objective of automatic data sampling is to eliminate these mistakes.
Score values can differ depending on education and experience. In APACHE II components, Chen et al 22 observed poor agreement between data collectors in GCS points (60%), mean blood pressure (75%), oxygenation (81%) and temperature (81%). Polderman et al 28 found that strict guidelines and a regular training program can decrease inter-observer variability in APACHE II scoring. According to their study, however, a degree of variability (10-15%) persisted even among experienced intensive care personnel with similar training, experience, and background. An intra-observer variability of 15% was found when the same APACHE II data were evaluated within four months 29 . In comparison, automatic gathering always used the same criteria and achieved the same point values.
In summary, a new outcome prediction model based on automatically calculated SAPS II scores can be constructed using data exclusively collected with a PDMS. Compared to conventional scoring methods the described computerized approach can be performed without additional manpower and time resources. In the future, prospective validation and comparative studies between the method used in this study and conventional manual score data sampling will be necessary to quantify the effect which automatic score calculation has on the final score result.
